Background: Trastuzumab (T-mab)-based chemotherapy is a standard regimen for human epithelial growth factor 2 (HER2)-positive gastric cancer. However, some patients have demonstrated a change in HER2 status after T-mabbased treatment of breast cancer. We report a rare case of mixed adenoneuroendocrine carcinoma with loss of HER2 positivity after T-mab-based chemotherapy for HER2-positive gastric cancer. Case presentation: A 60-year-old man presented with a mass of the upper abdomen, which was diagnosed as adenocarcinoma with a HER2 score of 3+ by endoscopic biopsy. He received seven cycles of combination chemotherapy with capecitabine, cisplatin, and T-mab. Subsequently, he underwent open total gastrectomy, distal pancreatosplenectomy, and extended left hepatic lobectomy as a conversion surgery. The surgically resected specimen demonstrated both adenocarcinoma and neuroendocrine components; therefore, it was diagnosed as HER2-negative mixed adenoneuroendocrine carcinoma. Although the patient received additional chemotherapy, multiple liver metastases appeared at 3 months postoperatively and he died at 6 months postoperatively because of the rapidly progressing metastatic tumor. Conclusions: We encountered a rare case of rapidly progressive mixed adenoneuroendocrine carcinoma that was negative for HER2 expression after T-mab treatment combined with chemotherapy.
Background
Although multiple new chemotherapeutic agents have become available, advanced gastric cancer continues to be associated with a high mortality rate; the 5-year survival rates of patients with advanced gastric cancer remain at 20-30% worldwide [1] . Since the publication of the ToGA trial, trastuzumab (T-mab)-based chemotherapy has been considered a standard treatment for HER2-positive advanced gastric cancer [2] .
In a systematic review of studies regarding breast cancer, van de Ven et al. demonstrated that the statuses of HER2 and other hormonal receptors changed in 43-51% of patients who received T-mab-containing therapy [3] . Parinyanitikul et al. reported that changes in receptor status after neoadjuvant chemotherapy were associated with improved survival in patients with triple-negative breast cancer [4] . In studies of gastric cancer, several reports demonstrated that HER2 positivity in resected specimens was lost after T-mab-containing chemotherapy in patients with HER2-positive gastric cancer [5, 6] . However, the pathological features which cause loss of HER2 positivity after T-mab therapy remain unknown in gastric cancer.
Herein, we report a rare case of mixed adenoneuroendocrine carcinoma (MANEC) with loss of HER2 positivity after T-mab-based chemotherapy for HER2-positive gastric cancer.
Case presentation
A 60-year-old man presented with a mass in the upper abdomen. Blood analysis revealed slight elevations of aspartate aminotransferase (AST, 144 IU/L) and alanine aminotransferase (ALT, 101 IU/L) levels. Serum tumor marker studies showed elevated levels of carcinoembryonic antigen (CEA, 49.3 ng/mL; reference range, < 5.3 ng/ mL), carbohydrate antigen 19-9 (CA19-9, 45.0 U/mL; reference range, < 35 U/mL), and alpha-fetoprotein (AFP, 173.2 ng/mL; reference range, < 10 n/mL). Gastroscopy revealed an ulcerative mass measuring 40-50 mm in size on the greater curvature corpus of the stomach ( Fig. 1a ). Histopathological examination of a biopsy specimen showed moderately differentiated tubular adenocarcinoma and strong (3+) HER2 positivity on immunohistochemical staining (Fig. 1b , c). Enhanced computed tomography revealed wall thickening from the upper to middle stomach and increasing ambient fat concentration. In addition, there were ring-enhanced liver metastases (100 mm and 105 mm in diameter) in the left lobe of the liver; marked enlargement was observed in the left gastric artery and celiac artery lymph nodes ( Fig. 2a, b ). 18 F-fluorodeoxyglucose positron emission tomography/computed tomography showed abnormal accumulations of fluorodeoxyglucose at celiac artery lymph nodes, tumors of the upper stomach, and in the left lobe of the liver. Thus, the patient was diagnosed with advanced gastric cancer, T4a(SE) N2 M1(HEP), stage IV.
Because of the HER2-positive immunohistochemical staining results, combination chemotherapy was initiated: capecitabine (2000 mg/m 2 orally, days 1-14), cisplatin (80 mg/m 2 intravenously, day 1), and T-mab (6 mg/kg intravenously, day 1). After six courses of chemotherapy, tumor markers, AST, and ALT levels were decreased (CEA, 10.9 ng/mL; CA19-9, 16.3 U/mL; AFP, 72.6 ng/mL; AST 43 IU/L; ALT, 16 IU/L). Computed tomography imaging revealed an extremely shrunken hepatic lesion and lymph nodes ( Fig. 2c, d ). After seven courses of chemotherapy, the patient experienced severe appetite loss and refused further chemotherapy.
Because laparoscopic exploration did not reveal any unresectable factors, such as peritoneal dissemination or positive cytology, the patient underwent open total gastrectomy (D2 lymph node dissection), distal pancreatosplenectomy, and extended left hepatic lobectomy as a conversion surgery with curative intent. The patient was discharged at 12 days postoperatively with an uneventful postoperative course.
The resected specimen revealed a type 3 tumor on the upper corpus and the greater curvature of the stomach, which measured 85 × 40 mm. The pathological examination revealed that the tumor involved subserosa layer and 2 of 47 lymph nodes were positive for metastasis. Histopathological examination showed that it was composed of enriched solid and small nested growths of high nuclear cytoplastic ratio tumor cells with necrosis and fibrosis; these cells had atypical enlarged hyperchromatic nuclei. In addition, the tumor was composed of adenocarcinoma cells that exhibited tubular growth with cribriform structure (Fig. 3a, b ). Immunohistological analysis demonstrated that the tumor cells were focally positive for synaptophysin, chromogranin A, and carcinoembryonic antigen (Fig. 4 ). The final pathological diagnosis was MANEC. The liver tumors were white solid nodules that measured 66 × 41 × 71 mm in segment 3, 23 × 22 × 17 mm in segments 4 and 8, and 17 × 14 × 15 mm and 23 × 20 × 20 mm in segment 4 of the liver. The tumors were pathologically compatible with metastases from the gastric cancer. The therapeutic effects of chemotherapy were grade 1a. The immunohistochemical HER2 scores were 1 for the primary gastric cancer and 0 for the liver metastases ( Fig. 3c, d) .
After the operation, the patient began to take tegafurgimeracil-oteracil potassium (S-1; 100 mg/day orally) as adjuvant chemotherapy; we then reduced the dose of S-1 to 80 mg/day beginning in the third course because of Fig. 1 Gastroscopy findings and pathological examinations of biopsy specimen. a An ulcerative mass measuring 40-50 mm on the greater curvature corpus of the stomach before chemotherapy. b Pathological examination of a biopsy specimen revealed moderately differentiated tubular adenocarcinoma. c Immunohistochemistry staining showed strong HER2 expression (3+) the development of grade 1 diarrhea, grade 2 neutropenia, grade 3 thrombocytopenia, and grade 3 terminal ileal inflammation. At 3 months postoperatively, computed tomography imaging revealed four scattered liver metastases, the largest of which was 47 mm in diameter. The patient discontinued adjuvant chemotherapy with S-1 and began chemotherapy with paclitaxel (80 mg/m 2 ). After two courses of chemotherapy, computed tomography imaging revealed multiple progressive liver metastases. One month after the end of chemotherapy, the patient exhibited consciousness disturbance due to hepatic disfunction; he died 6 months postoperatively. The autopsy was not performed because the consent was not obtained from the family. We re-evaluated the immunohistochemical status of endoscopic biopsy Fig. 2 Computed tomography findings. Imaging before chemotherapy revealed thickening in the wall of the stomach and ring-enhanced liver metastases (100 mm and 105 mm in diameter). a Axial. b Coronal. Imaging after chemotherapy revealed that the stomach tumor and liver metastases had shrunken considerably. c Axial. d Coronal Fig. 3 Microscopic examination of the stomach and liver of the resected specimen. Histopathological examination of the primary gastric cancer revealed that it was composed of enriched solid and small nested growths of high nuclear cytoplastic ratio tumor cells with necrosis and fibrosis, which had atypical enlarged hyperchromatic nuclei (a). Histopathological examination of the liver showed that the tumors were pathologically compatible with metastases from the gastric cancer (b). The immunohistochemical HER2 scores were 1 for the primary gastric cancer and 0 for the liver metastases (primary gastric cancer (c), liver metastasis (d)) specimens before surgery; these were negative for synaptophysin and partially positive for chromogranin A and CD56 (Fig. 5 ).
Discussion
Based on the results of the ToGA trial published in 2010 [7] , T-mab-based chemotherapy was regarded as a standard treatment for HER2-positive unresectable and recurrent gastric cancer. In addition, a randomized phase II trial of T-mab as neoadjuvant chemotherapy for HER2-positive advanced gastric cancer is ongoing [8] . T-mab-based chemotherapy will be frequently performed prior to surgery depending on the results of this trial.
Synchronous liver metastasis of gastric cancer is diagnosed as stage IV disease, and most affected patients are indicated for chemotherapy; however, several patients exhibited good long-term prognosis following radical surgery with hepatectomy [9] . According to the Japanese gastric cancer treatment guidelines published in 2018, if there are only a few liver metastases and no other systemic metastases, surgical resection is weakly recommended for the primary tumor and liver lesions [10] . For the patient in the present case, T-mab combined chemotherapy was extremely effective and no other metastatic site was detected; therefore, conversion surgery was performed with curative intent.
In the World Health Organization classification published in 2010 [11] , MANEC was defined as a tumor containing both exocrine and endocrine components, with each component exceeding 30% of the total tumor area. Neuroendocrine carcinoma (NEC) is known to frequently involve lymph node, lymphovascular lumen, and hepatic metastases [12] . Sorbye et al. reported that 2year and 3-year survival rates of NEC were 14% and 9.5%, respectively, for chemotherapy-treated patients [13] . Thus, gastric NEC exhibits a worse outcome than that of conventional adenocarcinoma [14, 15] . When the biopsy specimen after chemotherapy demonstrates the changes of HER2 expression or histology, it should be meaningful to perform immunohistochemical examinations for NEC to avoid unnecessary surgery. The more aggressive components of NEC should be the target of treatment. Okita et al. proposed the use of irinotecan plus cisplatin as an effective regimen for gastric NEC Fig. 4 Immunohistochemical staining for synaptophysin, chromogranin A, and carcinoembryonic antigen in the resected specimen. The specimen was positive for synaptophysin (a), chromogranin A (b), and carcinoembryonic antigen (c) Fig. 5 Re-evaluation of the biopsy specimen before surgery of hematoxylin eosin (a), synaptophysin (b), chromogranin A (c), and CD56 (d) [16] . However, because of the rarity of this tumor, an optimal treatment regimen remains undetermined.
We re-evaluated the immunohistochemical status of endoscopic biopsy specimens before surgery; these were negative for synaptophysin and partially positive for chromogranin A and CD56, suggesting the difficulty of detecting NEC components in a preoperative endoscopic biopsy specimen. In the present case, the tumor was moderately differentiated adenocarcinoma with HER2positive staining by preoperative endoscopic biopsy; however, it was finally diagnosed as MANEC due to the loss of HER2 positivity in surgically resected specimens. Thus, we speculated that HER2-based chemotherapy may eliminate HER2-positive adenocarcinoma components; aggressive NEC components without HER2 positivity, which are resistant to HER2-based chemotherapy, became conspicuous [17] . In breast cancer, Guarneri et al. reported that the loss of HER2 expression was more frequently observed in patients with neoadjuvant chemotherapy without T-mab as compared to that in patients with T-mab containing neoadjuvant chemotherapy [18] . We speculated the reason of these conflicting results as follows. First, there was an organ-specific response of HER2 status after T-mab-containing chemotherapy. Second, there were significant differences in the expression pattern of HER2 between gastric and breast cancers, such as the HER2 positivity and its heterogeneity. Lastly, anthracycline, which has been frequently used for breast cancer but not for gastric cancer, was reported to reduce HER2 gene amplification.
In conclusion, we have described our encounter with a rare case of rapidly progressive MANEC that exhibited loss of HER2 expression after T-mab treatment combined with chemotherapy. This consideration is important because T-mab-based chemotherapy is increasingly performed prior to surgery in gastric cancer, and an optimal treat regimen remains undetermined for patients with NEC, such as MANEC.
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